We observed bound levels of the IЈ state in H 2 and D 2 , confined in the outer well of the lowest 1 ⌸ g adiabatic potential close to its (1sϩ2p) dissociation limit, with an equilibrium internuclear distance of Ϸ8 a.u. Rovibronic levels (vϭ0 -2, Jϭ1 -5 for H 2 and vϭ0 -5, Jϭ1 -6 for D 2 ) are populated with pulsed lasers in resonance enhanced XUVϩIR ͑extreme ultravioletϩinfrared͒ excitation, and probed by a third laser pulse. Level energies are measured with an accuracy of Ϸ0.03 cm Ϫ1 , and are in reasonable agreement with predictions from ab initio calculations in adiabatic approximation; the smallness of ⌳-doublet splitting indicating that nonadiabatic interactions with 1 ⌺ g ϩ states are generally weak. Additional resonances are observed close to the nϭ2 dissociation limit, some of which can be assigned as high vibrational levels of the EF 1 ⌺ g ϩ state.
I. INTRODUCTION
The experimental investigation of excited singlet states of the hydrogen molecule has shown much progress in recent years with the application of multi-photon and extreme ultraviolet ͑XUV͒ laser spectroscopy. [1] [2] [3] [4] [5] [6] [7] [8] [9] These sophisticated techniques are presently employed to bridge the 11 eV gap between the ground state and the first excited singlet state in hydrogen and to drive transitions between excited states.
In contrast to singlet states of ungerade symmetry, for which spectral data were available from classical VUV absorption studies, [10] [11] [12] singlet gerade states do not have dipole-allowed transitions to the X 1 ⌺ g ϩ ground state. Therefore the excited gerade states were merely observed in discharges, where transitions between excited states may occur. These early studies resulted in a huge amount of spectral data, now tabulated in the form of Dieke's atlas. 13 A traditional analysis of such emission spectra is difficult because of spectral congestion and because in a light molecule like hydrogen no simply assignable rotational band structures are formed. Moreover strong deviations from the BornOppenheimer approximation hamper a highly accurate theoretical description, so that even today a considerable fraction of the observed emission lines remain unassigned. A further motivation to investigate excited states of H 2 of the singlet gerade manifold is their possible role in visible wavelength absorptions in interstellar space, the diffuse interstellar bands ͑DIBs͒. 14, 15 Selective excitation of a single quantum state using lasers opens the way to study transitions between excited states with well-defined quantum numbers. Subsequent multi-color excitation in double and multi-resonance schemes allows for probing transitions between excited states near the ionization and dissociation limits. The state-selectivity achieved by laser-based experiments, performed by our group 9 and others, 3, 5, 6, 16 provides the necessary handle to unravel the complicated and perturbed structure of the excited singlet states in hydrogen.
Laser spectroscopy has led to the identification of most of the excited singlet states of the hydrogen molecule below the H(nϭ1) ϩ H(nϭ2) dissociation threshold, where levels are narrow in the absence of autoionization and predissociation. In the ungerade manifold, excitation of the highest vibrational B 1 ⌺ u ϩ levels, involving two-photon excitation to the EF 1 ⌺ g ϩ state and detection of higher excited levels by REMPI ͑resonance enhanced multi-photon ionization͒, revealed a perturbed level structure just below as well as above the dissociation limit. 3, 4, 17 Investigation of ungerade Rydberg series allowed for a precise determination of the ionization energies of different isotopomers. 18 Direct XUV excitation of the dissociation continuum of electronic ungerade states and detection of the fluorescence of the products by Balakrishnan et al. resulted an accurate determination of the dissociation energy of the hydrogen molecule. 1, 19 Tsukiyama and co-workers observed a number of singlet gerade levels close to the (nϭ2) limit using resonanceenhanced two-photon transitions, excited by XUV and visible pulsed lasers and detected by observation of their fluorescence in the visible and near infrared. 2, 16, 20 Lifetimes were deduced from the exponential decay of the fluorescence. Chandler 1 ⌸ g , J 1 ⌬ g ) were found to vary from about 10 to more than 100 ns, indicating that optical transitions between excited states is indeed the dominating decay mechanism, whereas XUV fluorescence to the X 1 ⌺ g ϩ or b 3 ⌺ u ϩ states is forbidden by dipole or spin selection rules. In parallel to the experimental progress, ab initio calculations of the strongly interacting 1 ⌺ g ϩ , 1 ⌸ g , and 1 ⌬ g systems have improved to agreement with observations within a few cm Ϫ1 , even for levels that are complicated superpositions of Born-Oppenheimer states with nonadiabatic shifts of more than 100 cm Ϫ1 . 22, 23 However, it appears that a number of predicted levels in the energy region close to the nϭ2 dissociation limit are still unobserved. At the one hand there must exist higher vibrational levels of well-known electronic states; at the other, these calculations also predict a hitherto unobserved electronic state, called the IЈ state, which appears in the representation of adiabatic potentials as a shallow minimum of the I 1 ⌸ g potential at large internuclear distance, separated from the known I state by a high barrier. We will refer to the two potential wells as I and IЈ states following Yu and Dressler, 23 calling the entire double-well potential IIЈ.
The existence of a second, shallow well in the lowest 1 ⌸ g potential of the hydrogen molecule was first suggested by Mulliken 24 using the following argument. The long-range interaction of two hydrogen atoms in the lowest 1 ⌸ g -type superposition of the atomic orbitals 1sϩ2 p is attractive; 25 the lowest 1 ⌸ g state of H 2 in the molecular-orbital basis is 1s g 3d g , which is an nϭ3 Rydberg state with a potential distictly above the nϭ2 dissociation limit at moderately large internuclear distance R. Due to the noncrossing rule, both must be connected at large R, forming a single adiabatic potential. The first calculation confirming the predicted outer potential minimum was performed by Browne. 26 It is not obvious whether the electronic configuration can be described more easily in terms of molecular orbitals ͑MO͒ or atomic orbitals ͑AO͒. In the MO basis, the IЈ potential well is formed by the core-excited 2p u 2p u electronic state, which is repulsive at small internuclear distance but correlates with the 1s g 3d g Rydberg potential via an avoided crossing, giving rise to a steep barrier. This is similar to the system of 1 ⌺ g ϩ potentials, where the well-known double-well potential shapes are explained by molecular 1s g nl g orbitals of Rydberg states interacting with the doubly-excited (2p u ) 2 configuration; the EF potential as the lowest energy example is composed of a pure Rydberg state, forming the inner well, and a pure doubly-excited state that forms the outer well. In the AO basis, the IЈ minimum is explained by the interplay of the weak long-range dipole attraction with the repulsion due to the antibonding character of the 1s2p 1 ⌸ g Heitler-Londen configuration. Calculations by Browne, 26 and at higher accuracy by Zemke et al. 27 decide in favor of an atomic-orbital description, although major configuration mixing remains present. More recent ab initio calculations by Kołos and Rychlewski 28 ͑including also triplet and ungerade states͒ and by Dressler and Wolniewicz 29 start from a much larger set of basis functions, leading to an accurate potential over a wide range of internuclear distances. The IЈ state has a maximum binding energy of about 200 cm Ϫ1 at RϷ8 a.u., which should sustain a couple of rovibronic levels whose energies are predicted in Ref. 29 for several isotopomers in the adiabatic approximation. Energies are given as part of a calculation of all levels in both wells of the IIЈ potential; as the barrier at intermediate internuclear distance reaches a value of Ϸ1850 cm Ϫ1 above the dissociation energy, all levels are almost completely localized in either of the potential wells. So separate sets of vibrational quantum numbers are used for the I and IЈ states, following Yu and Dressler. 23 In the present study we report the observation of rovibrational IЈ levels in isotopomers of the hydrogen molecule, which are excited in XUVϩIR two-photon transitions. Levels with vϭ0 -2, Jϭ1 -5 in H 2 and with vϭ0 -5, J ϭ1 -6 in D 2 of both ͑e͒ and ͑f͒ electronic symmetry are identified and their energies are determined, showing reasonable agreement with the ab initio calculations. 29 Some extra lines are found, which belong to transitions to EF and GK 1 ⌺ g ϩ levels, and additionally some more complicated structure is observed in the vicinity of the (nϭ2) dissociation limit.
II. EXPERIMENT
The IЈ 1 ⌸ g levels in H 2 and D 2 are excited by two synchroneous laser pulses in the XUV ͑extreme ultraviolet͒ and IR ͑infrared͒, driving a resonance-enhanced two-photon transition with a vibrational level of the B 1 ⌺ u ϩ state as intermediate as illustrated in Fig. 1 . Starting from a thermally populated rotational level with vϭ0 of the electronic ground state, a moderately high vibrational B level is excited, which is chosen to have good Franck-Condon overlap with the ground state and with the IЈ state around the inner and the outer classical turning point, respectively.
The general features of the experimental setup are similar to the one used for the investigation of the HH 1 ⌺ g ϩ state in H 2 . 9 A schematic overview is given in Fig. 2 . The output of a pulsed dye laser ͑PDL͒, pumped by the second harmonic of an injection seeded, Q-switched Nd:YAG laser, is frequency doubled in a KDP crystal, providing Ϸ35 mJ/pulse of coherent UV radiation. XUV radiation is produced via third harmonic generation from the UV beam, which is fo- There are different constraints for the choice of the vibrational B level, which determines the combination of wavelengths needed in both excitation steps: primarily the Franck-Condon overlap in the IЈϪB system, but also the ease of generating XUV and IR and the possibility of a wavelength calibration of the second excitation step. The yield of XUV photons and the reliability of the XUV generation is best for Ͼ91 nm; these wavelengths can be generated using the efficient and very stable dyes Rhodamine 6G and Fluorescein 27, pumped at high power by the second harmonic of a Nd:YAG laser ͑600 mJ at 532 nm͒. For the infrared wavelengths the LDS 925 dye combines a sufficient quantum efficiency ͑6%͒ in a wide range of wavelengths ͑900-940 nm͒ with solvability in methanol, such that the hazardous use of highly toxic solvents can be avoided. With these combinations of dyes, the rovibrational levels of the B 1 ⌺ u ϩ state with vϭ16 in H 2 and vϭ23 in D 2 can be excited and the entire manifold of vibrational IЈ levels can be covered, while the Franck-Condon overlap in the IЈϪB system is reasonable for both isotopes.
Since photons of the third harmonic of Nd:YAG ͑355 nm͒ are sufficiently energetic for dissociative ionization of a H 2 ͑or D 2 ) molecule from the IЈ state, but not from the B state, detection of H ϩ ions can be used to record spectra of the IЈ 1 ⌸ g ϪB 1 ⌺ u ϩ band system. The ions are extracted from the interaction region by a pulsed electric field, which is delayed with respect to the laser pulses. Ions are massselected in a field-free time of flight ͑TOF͒ tube and collected at an electron multiplier. The signal from the electron multiplier is integrated by two boxcar integrators having the timing windows set for H ϩ and H 2 ϩ ions. The IR and 355 nm beams are spatially overlapped by means of a dichroic mirror and both beams are then overlapped with the counterpropagating XUV beam, intersecting the molecular beam in the interaction region. The IR and the XUV beams are also temporally overlapped as the lifetime of the B state is Ϸ1 ns.
Apart from the H ϩ signal ions produced via excitation of the IЈ state also some parasitic H ϩ and H 2 ϩ ions are produced by the combination of laser pulses. The energies of the XUV (Ϸ93 nm͒ and fundamental UV (Ϸ280 nm͒ photons are sufficient to produce H 2 ϩ ions in a REMPI process when the XUV is tuned in resonance with the B state. H ϩ is also detected, originating from at least a three photon process; this phenomenon was discussed in Ref. 8 . By separating the incident UV beam from the generated XUV, these background signals can be strongly reduced. The procedure and tools to geometrically separate the fundamental from the third harmonic are schematically displayed in Fig. 3 . A rod ͑diameter dϭ1.5 mm͒ is placed in the UV beam (dϷ8 mm͒, in front of the lens along the propagation of the overlapping light beams. A slit with adjustable central position and width is then used at a distance of Ϸ10 cm behind the focus to block the propagating UV-beam. The XUV-beam, predominantly generated on axis, due to phase-matching, is transmitted into the interaction region in the far field through the slit opening. The XUV-yield with this wavelength-separation setup is 40% of that obtained without XUV-UV separation. 30 Since the rovibronic energy levels of the B 1 ⌺ u ϩ state are known, 8, 11 only the infrared used in the second excitation step needs to be calibrated for a determination of IЈ 1 ⌸ g level energies. Because no convenient reference-standard is available around 925 nm, part of the IR-light is frequency doubled in a KDP crystal, and a Te 2 -absorption spectrum ͑at 510°C͒ is recorded simultaneously with the double resonance spectra probing the IЈ states. By fitting of the Te 2 -resonances with Gaussian profiles and assigning the peak positions with the Te 2 -atlas, 31 an accurate frequency scale is constructed for the IR. The spectra are recorded in two stages. First a series of overview spectra are measured, scanning the infrared dye with a step size of Ϸ0.05 cm Ϫ1 . Although this nearly equals the laser linewidth, all (IЈϪB) transitions are unambiguously discernible because the intensity of the infrared (Ϸ2 mJ/pulse͒ is high enough to cause strong saturation broadening of the lines. The spectral filter separating the third harmonic XUV from the fundamental UV radiation. The rod creates a shadow in the UV distribution along the optical axis. A considerable fraction of the XUV is generated close to the axis and passes through the slit, which cuts off the UV.
All transitions found in the overview spectra are next recorded a second time with a step size of 0.01 cm Ϫ1 , averaging over eight pulses per step to increase the signal/noise ratio. To prevent saturation broadening in these scans, the IR pulses are attenuated to 0.4 J-0.5 mJ, depending on transition strengths. 
III. RESULTS AND DISCUSSION
All observed transitons are listed in Table I for H 2 and in  Table II for D 2 , with their assignments as discussed below. The question arises if the observed IЈϪB (vЈ,vϭ16) transitions in H 2 can be found in Dieke's atlas, 13 which contains many unassigned emission lines in this wavelength range. Actually more than half of our observed transitions are found to nearly coincide ͑within estimated uncertainty margins͒, but these may be happenstance coincidences. Therefore a check for combination differences was made for transitions from the same upper levels to several B, vу16 states, assuming that Frank-Condon factors are comparable in view of the potential shapes and the location of the classical turning points. In most cases no transitions at the predicted frequencies were found; we conclude that the IЈϪB band system is probably not contained in Dieke's atlas. and Ref. 33 (D 2 ). However, the present double resonance spectra allow for an improved determination of B state level energies because we observed many of the upper levels in P as well as R transitions, providing an extra check of combination differences. These have to be analyzed separately for systems of ortho and para levels, which are not interconnected by optical transitions. In H 2 , five cases of combination differences between intermediate levels with odd J are analyzed; they are consistent within the experimental uncertainty of the B level energies of Ϸ0.04 cm Ϫ1 in Ref. in Table III Unambiguous assignment of rovibrational IЈ 1 ⌸ g levels is possible for vϭ0 -2, Jϭ1 -5 (e electronic parity͒ and J ϭ1 -4 ( f parity͒ in H 2 , and vϭ0 -5, Jϭ1 -6 (e) and J ϭ1 -5 ( f ) in D 2 . Total energies of these levels with respect to the X 1 ⌺ g ϩ , vϭ0, Jϭ0 ground state in each isotope are listed in Tables IV and VI and compared excited by P and R and ͑f͒ levels by Q transitions. The agreement between observed and calculated energies is very good for vϭ0 in H 2 as well as in D 2 ͑within Ϸ0.1 cm Ϫ1 for both ͑e͒ and ͑f͒ levels͒, but deteriorates at higher v; when interpreted as a relative deviation of binding energies ͑with respect to the dissociation limit͒, the discrepancy increases to as much as 25% for the highest observed vibrational level (vϭ5) in D 2 . This suggests that the ab initio calculation of the potential 29 is rather accurate for internuclear distances up to Ϸ10 a.u., but deviates in the long range region, where the highest vibrational wave functions typically have their largest amplitude.
Identification of the transitions that do not belong to the IЈϪB system is somewhat more difficult, because nonadiabatic interactions are known to play a major role for states that are associated with potentials at short internuclear distance. Transitions in H 2 can be assigned as EFϪB and GKϪB with upper levels first identified by Tsukiyama et al. 2 sions, to our knowledge hitherto unobserved; further analysis leads to an unambiguous assignment as EF vibrational levels. A rotational analysis is performed for each observed vibrational level of the IЈ and EF states. For IЈ, energies of ͑e͒ and ͑f͒ rotational levels are simultaneously fitted to the formula
Resulting parameters for H 2 and D 2 are listed in Table VIII . The rotational distortion constants D are large, indicating a strong deviation from a rigid rotator system; this is illustrated in Fig. 6 by a plot of energy vs J(Jϩ1) for levels in D 2 . For the EF state, the relation for ⌺ states is used, The observed ⌳-doublet splittings in the IЈ 1 ⌸ g state are generally very small (Ӷ1 cm Ϫ1 ); the Q constants in Eq. 2 reflect the systematic shift of the ͑e͒ levels caused by their heterogeneous, nonadiabatic interaction with states of the 1 ⌺ g ϩ manifold. This includes contributions from bound vibrational levels that lie far away in energy, as well as from the dissociation continuum of these states. Possible systematic shifts caused by states with ⌳у1 are not accounted for because they affect ͑e͒ and ͑f͒ levels identically. However, near coincidence with a rovibrational level of another electronic state may cause a distortion.
The values Q v obtained from the fit are only marginally significant in view of the derived uncertainties, with ͑e͒ levels lying slightly lower than ͑f͒ levels; however, in D 2 one example of a resonant nonadiabatic interaction is found that provides some information on the coupling strength of the IЈ state with other states: The Jϭ4 levels of the IЈ 1 ⌸ g (e), v ϭ3 and the EF 1 ⌺ g ϩ , vϭ46 states coincide in the rotational analysis; in the experiment the levels are found to be separated by 0.6 cm Ϫ1 ͑cf. Fig. 6͒ , while for other J levels no significant deviation from the rotational fit is found. The underlying interaction is analyzed by invoking a heterogeneous (J-dependent͒ coupling between the IЈ, vϭ3 and EF, v ϭ46 vibrational states and solving the eigenvalue problem for each value of J,
͑5͒
From the fit to the observed level energies a coupling constant of ϭ0.077(4) cm Ϫ1 is determined. The two Jϭ4 eigenstates have mixed IЈ and EF character of nearly equal contribution, while all other J states turn out to be pure states, with less than 1% admixture of the other electronic character. In H 2 no such strong mixture of IЈ and other states was found.
The energies of the IЈ levels and the interaction with the EF state are accurately described by the relations in Eqs. ͑1͒, ͑2͒, and ͑5͒ with deviations of less than 0.05 cm Ϫ1 throughout. Thus it is found that nonadiabatic effects in the IЈ outerwell state appear to be small; the adiabatic approximation used in the calculation in Ref. 29 seems to be valid. It is known, in contrast, that nonadiabatic effects do play an important role at shorter internuclear distances, where large ⌳-doublet splittings are reported for all rotational levels. Heterogeneous interaction between states with different ⌳ within the singlet gerade manifold is attributed to the rotational coupling between the Rydberg states of the 3d complex, (3d)G 1 ⌺ g ϩ , (3d)I 1 ⌸ g and (3d␦)J 1 ⌬ g . The situation is complicated by homogeneous interaction between the 1 ⌺ g ϩ states, which stems from the crossing of (1s g nl u ) Rydberg state potentials with the doubly excited (2p u ) 2 configuration. 22 So it is not surprising that the representation of EF levels by a rotational progression ͓cf. Eq. ͑3͔͒ is less accurate, because ͑in contrast to the IЈ state͒ the vibrational wave functions of these levels extend over a wide range of internuclear distance R and therefore interact with other states at small R.
In Tables V and VII deviations between observed energies of the EF levels and a fit to Eq. ͑3͒ are listed. The fits for the EF, vϭ45 and vϭ46 states in D 2 do not reproduce the vϭ45, Jϭ5 and vϭ46, Jϭ0 energies, which had to be left aside in the fitting procedure. Their deviations of ϩ2.29 and Ϫ0.35 cm Ϫ1 , respectively are presumably due to the nonadiabatic interaction with near-coincident levels. For the former, we found a candidate perturber state which lies 7.68 cm Ϫ1 lower in energy. The level energies of the EF, vϭ31 state in H 2 are strongly distorted, leading to deviations from a fit using Eq. ͑3͒ of more than 1 cm Ϫ1 for several levels; we do not present fit parameters because they are not meaningful. This situation is not unexpected, as the calculation of Yu and Dressler 23 shows that three rotational level progressions cross EF, vϭ31 between Jϭ2 and 3 (
. The rotational fit of the EF,vϭ32 state represents the Jϭ0 -4 levels reasonably ͑cf. ϩ signal on these resonances close to the (nϭ2) dissociation threshold suggests that they are associated with bound levels stretching to the long range part of the potentials, but no obvious band structure is found. A similar perturbed structure close to the (n ϭ2) dissociation limit was found earlier in the system of ungerade states, by Eyler and co-workers. 3, 4 The extra transitions were in a qualitative sense attributed to couplings between singlet and triplet, as well as between ungerade and gerade states close to the dissociation threshold. A detailed investigation of the perturbed structure in this energy range remains the subject of future work. long-range potentials were calculated by Stephens and Dalgarno. 40 The IIЈ state shows a dipole attraction ϰR Ϫ3 , while the EF state is attractive with a van der Waals potential ϰR Ϫ6 . So both these states might contain v levels close to the dissociation limit. The GK potential is repulsive ϰR
Ϫ3
in the long range, and shows a barrier of Ϸ100 cm Ϫ1 above the asymptotic energy at RϷ8 a.u., 37 so it can be left aside in the analysis.
According to LeRoy and Bernstein 38 and Stwalley, 39 the binding energies v of vibrational levels v close to the dissociation limit of a potential that asymptotically follows a simple power law, VϭϪC n R Ϫn , are related by
͑6͒ with a n ϭ 2ͱ nϪ2 2 . So in the adiabatic approximation, 4-5 more vibrational levels are expected above the identified ones in both isotopes; however, the highest ones are too close to the dissociation limit to be undisturbed by fine and hyperfine interaction. A similar analysis for the observed levels in the EF state, with nϭ6 in view of the van der Waals potential at large distance, shows strong deviation from the relation of Eq. ͑7͒. It follows that both in H 2 and D 2 , an additional vibrational level is expected at binding energies in the range 0.5-5 cm Ϫ1 . This analysis holds for the nonrotating molecule (Jϭ0); for all JϾ0 states the long-range potential is dominated by the ͑repulsive͒ centrifugal term J(J ϩ1)/R 2 , effectively limiting the number of stable rotational levels. For the IЈ state there exist no Jϭ0 levels, so at least Jϭ1 has to be stable for a vibrational level to exist at all. The predicted binding energy of the IЈ, vϭ3 state in H 2 is Ϸ4 cm Ϫ1 , which is more than for the observed vϭ5 level in D 2 ; at least three J levels should be stable. However, an EF level (vϭ33) is expected at roughly the same energy, which probably interacts with the IЈ, vϭ3 level. Indeed some levels are observed in this energy range with perturbed positions such that we cannot assign them.
Incidentally rotational levels which lie slightly above the dissociation energy are metastable, due to confinement by the centrifugal barrier; this phenomenon occurs in the IЈ,v ϭ5, Jϭ5 state of the D 2 molecule ͑cf. ϩ2p case 40 and the centrifugal potential for D 2 with J ϭ5 give rise to a barrier of Ϸ0.05 cm Ϫ1 at an internuclear distance of 100 a.u. An estimate of the tunneling probability in the WKB approximation shows a very strong energy dependence ͑one order of magnitude per 0.01 cm Ϫ1 ), so a quantitative prediction of the resonance width would require an extremely small energy uncertainty. Figure 8 shows the onset of the nϭ2 dissociation continuum, excited from a Jϭ1 intermediate level; thus continuum states with J between 0 and 2 may contribute. The delayed third laser pulse ionizes atoms left in the 2s state after dissociation; atoms in the 2p state are not detected due to their short lifetime. Wigner's threshold law implies that the yield as a function of excess energy is
Iϰ
Jϩ1 /2 , ͑8͒
as pointed out in Ref. 4 . This implies that the onset of the Jϭ0 continuum is sharp. Although in Fig. 8 the threshold region is overlapped by the wing of a strongly saturationbroadened resonance, we can derive an approximate value of 118377.2Ϯ0.1 cm Ϫ1 for the 1sϩ2s dissociation energy in the singlet gerade case, 0.14 cm Ϫ1 higher than the most accurate value found in the singlet ungerade system. 1, 19 Further studies are needed to investigate the complex system of different dissociation limits that arise from the fine and hyperfine splitting of the nϭ1 and nϭ2 states of the hydrogen atom.
IV. CONCLUSION
A large number of levels of the hitherto unobserved IЈ 1 ⌸ g state of H 2 and D 2 were excited with a resonant twophoton laser excitation technique, applying pulsed XUV and IR radiation. Careful choice of the intermediate levels leads to good Franck-Condon overlap with the wave function confined in a shallow potential well at large internuclear distance, just below the second dissociation limit. Other levels were found in the same energy region, some of which were also observed for the first time and could be successfully identified. Nonadiabatic interactions of the IЈ levels with the other states were investigated, which can account for some irregularities in the IЈ spectrum. These interactions turn out to be about two orders of magnitude weaker than similar interactions between other gerade states of the hydrogen molecule. The same holds for the systematic interaction with the whole 1 ⌺ g ϩ manifold as deduced from the small ⌳-doublet splitting. Some spectral lines very close to the dissociation limit remain unassigned; a detailed investigation of the perturbed structure in this energy range remains the subject of future work. state; H(2s) fragments are probed by the H ϩ signal that is produced by the delayed UV pulse. The sudden onset of dissociation at 118377.2 cm Ϫ1 , indicated by a dashed line as a guide to the eye, is attributed to the Jϭ0 continuum.
